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In this work, the influence of Ar/N2 gas mixture composition and auxiliary plasma-assisted activation on the structural-phase evolution
of tungsten nitride (WN) coatings deposited via planar magnetron sputtering was systematically investigated. The coatings were
synthesized using a 100-mm diameter tungsten target under varying reactive gas regimes (from 50% to 10% N:) and two electrical
configurations: an additional biased anode (+200 V) and a standard grounded anode setup. X-ray diffraction coupled with qualitative
and quantitative optimization proved that the coatings possess a complex heterophase structure composed of hexagonal hep-WN and
cubic fcc-W2N phases. It has been established that the persistent dominance of the hep-WN phase with a highly stable (111) texture
acts as a rigid energetically favored framework across all gas flow ratios. Decreasing the nitrogen content primarily affects the
secondary, more compliant cubic phase component. At a critical nitrogen deficiency of 10%, the growth of the preferred (200) cubic
planes becomes heavily suppressed, forcing the matrix towards grain refinement (nanocrystallization) and stimulating the structural
integration of mixed-phase (220)fcc + (102)hcep configuration. Furthermore, shifting to the grounded anode configuration collapses the
auxiliary glow discharge zone, dropping the near-substrate plasma density from 7.5 x 10! cm™ to 4 x 10'° cm 3. The resulting reduction
in adatom surface diffusion length causes rapid thermal quenching, leading to complete texture randomization, a sharp fourfold increase
in the isotropic (111)fcc + (100)hep reflection, and the accumulation of structurally imperfect phase boundaries. The application of an
auxiliary biased anode serves as an effective tool to decouple the destructive effects of high-energy ion bombardment from the
beneficial structural ordering induced by high-flux, low-energy plasma activation.
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INTRODUCTION

Transition-metal nitrides, particularly tungsten nitrides, have garnered significant academic and industrial interest
owing to their exceptional mechanical hardness, high thermal stability, remarkable wear resistance, and reliable chemical
inertness [1-5]. These properties make them highly attractive for a wide range of cutting-edge applications, including
diffusion barriers in microelectronics, protective coatings for high-temperature machining tools, and active components
in catalytic energy conversion systems [6-10]. In the field of surface engineering, magnetron sputtering stands out as the
premier deposition technique for synthesizing such thin films due to its excellent scalability, high reproducibility, and
capability to deposit dense, adherent coatings at relatively low substrate temperatures [11-13].

However, the deterministic synthesis of multi-phase tungsten nitride coatings remains a complex materials science
challenge. Unlike other transition metal nitrides, the W-N system exhibits a rich and complex phase diagram comprising
several distinct structural configurations, primarily the hexagonal hcp-WN and cubic fcc-W>N phases [14-15]. The
competitive nucleation and spatial orientation of these phases are heavily dictated by the thermodynamic driving forces
of chemical reactions at the substrate and the kinetic energy transfer to the growing film interface. Consequently, precise
control over the structural-phase evolution and texturing is essential, as the final performance of the coating is inherently
linked to its precise phase boundary configuration and grain orientation.

To systematically optimize the performance of the WN coatings, two critical deposition parameters can be
comprehensively evaluated. The first one is a reactive gas mixture composition (i.e. Ar/N, flow ratio). This parameter
directly regulates the chemical stoichiometry and nitrogen saturation degree of the tungsten lattice [16-17]. A precise
balance of the reactive gas is critical to avoid either a total collapse of the stoichiometric crystalline phase or severe target
poisoning during the sputtering process. The second one is a low-energy ion bombardment kinetics. Controlling the
plasma parameters at the growth front is paramount for modulating film density, grain size, and texture crystallization
[16-17]. Traditional methods often rely on high negative substrate bias voltages to accelerate ions; however, this approach
frequently induces high intrinsic macrostrains, atomic displacement, and destructive lattice defects.

To overcome these structural limitations, auxiliary plasma assistance via an additional biased anode emerges as a
crucial engineering tool for magnetron sputtering. This configuration enables an effective decoupling of the destructive
high-energy ion impacts from the highly beneficial structural ordering driven by a high-flux, low-energy plasma
activation. By effectively doubling the local plasma density without altering the safe ion impact energy threshold, the
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auxiliary anode dramatically accelerates the lateral surface diffusion of arriving adatoms, allowing the system to easily
overcome local potential barriers and crystallize into thermodynamically preferred textures.

While separate studies have addressed either gas flow dynamics or plasma assistance [18-19], a systematic
understanding of their synergistic influence on the phase transition kinetics of heterophase WN/W,N nanocomposite
systems remains insufficient.

The aim of this work is to systematically investigate the combined effects of the Ar/N, gas flow ratio and auxiliary
biased anode configuration on the stoichiometric evolution, and phase boundary perfection of multi-phase tungsten nitride
coatings deposited via reactive magnetron sputtering.

EXPERIMENTAL DETAILS
Deposition

A planar magnetron sputtering system equipped with a 100-mm diameter tungsten target and an additional anode
was employed for the deposition of WN and WC coatings (see Figure 1). Prior to deposition, the vacuum chamber was
evacuated using a turbomolecular pump to a base pressure of approximately 5x107 Torr. For the WN deposition, high-
purity argon and nitrogen were introduced into the chamber at different Ar/N, flow-rate ratios. The total working pressure
was maintained at approximately 9x107* Torr.

The magnetron was operated with a 100 Hz sinusoidal voltage waveform, with a peak cathode voltage of
approximately 450 V and a peak discharge current of approximately 1.5 A. An additional anode was biased at
approximately +200 V to generate an additional glow-discharge plasma in the region between the magnetron and the
substrate. The substrate was positioned at a distance of 140 mm from the target and was electrically insulated during
deposition. Under the deposition conditions, the ion energy incident on the substrate, measured using a retarding-field
analyzer (RFA), was approximately (10 + 12) eV with respect to substrate floating potential. Plasma density measured
with Langmuir probe near the substrate was approximately 7.5x10'° cm™3 with electron temperature of about 2 eV.

The deposition time was fixed at 30 min for all experiments. The coating thickness was monitored using a quartz
crystal microbalance and was approximately 500 nm for the WN coatings.

O N ©)

Figure 1. The scheme of experimental device: 1 — tungsten target; 2 — insulated cylinder; 3 — anode

For the deposition of WN coatings at different gas regimes, a precise gas mixing procedure based on partial pressure
management was implemented. The total working pressure within the vacuum chamber was strictly maintained at a
constant value of approximately 9 x 10™* Torr, which was defined as 100% of the total gas volume. Prior to the introduction
of the reactive gas, high-purity argon (Ar) was admitted into the chamber via a dedicated piezoceramic leak valve until
its partial pressure reached the specific required percentage of the total working pressure (i.e., 50%, 70%, 80%, or 90%,
respectively). Subsequently, high-purity nitrogen (N>) was introduced through a separate independent leak valve to act as
the reactive gas, adjusting the total pressure upward until the final working threshold of 9 x 107 Torr was precisely
achieved. This sequential gas-feeding method ensured highly reproducible Ar/N, flow-rate ratios, corresponding to
discrete concentrations of 50%, 30%, 20%, and 10% of N in the plasma volume.

For the comparative study, a series of WN coatings was also deposited under the conventional magnetron sputtering
configuration, where the additional anode was kept at the ground potential (referred to as the “grounded anode” mode).
This setup represents the standard operating regime of the magnetron system without the generation of an auxiliary plasma
enhancement zone. Under these conditions, the plasma density measured with the Langmuir probe in the vicinity of the
substrate dropped by approximately a factor of two, yielding a value of 4 x 10!° cm™. Despite the significant decrease in
plasma density, the average energy of the ions incident on the substrate surface remained practically unaltered at
approximately 12 eV. All other deposition variables, including the target-to-substrate distance, working gas pressure
(80 Ar/ 20 N»), and total deposition time, were maintained identical to those utilized in the biased anode experiments to
ensure a direct comparison of the structural-phase evolution.

The crystal structure, phase composition, and substructural characteristics of the WN coatings were evaluated by
X-ray diffraction (XRD). The XRD measurements were performed on a diffractometer utilizing a Cu-Ka radiation source
(L= 1.540600 A) operating at an accelerating voltage of 30.0 kV and a tube current of 30.0 mA. The optical configuration
of the goniometer included a 1.0° divergence slit, a 1.0° scatter slit, and a 0.15 mm receiving slit. The diffraction patterns
were recorded in the theta—2theta coupled scanning mode over a 2theta angular range of 10.0°-100.0° with a step size
(sampling pitch) of 0.02° and a continuous scanning speed of 2.000°/min.
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Phase identification and qualitative/quantitative analysis were carried out using the Match! phase analysis software
package (Crystal Impact, Bonn, Germany), coupled with the PDF-2 (Release 2004) reference database. Quantitative phase
evaluation was performed via the Reference Intensity Ratio (RIR) method based on integrated profile areas. The
experimental diffraction data was smoothed prior to analysis without subtracting the background or the o2 radiation
component.

According to the quantitative search-match optimization, the matrix consists of a complex multi-phase nitride system
dominated by two major tungsten nitride phases: a hexagonal hep-WN phase (space group P6m2, lattice parameters
a=2.89 A and ¢ = 2.83 A, entry No. 03-065-9410) and a cubic fcc-WN phase (space group Fm3m, lattice parameter
a=4.126 A, entry No. 00-025-1257).

EXPERIMENTAL RESULTS
Structural-phase analysis at standard configuration

Figure 2 illustrates the X-ray diffraction patterns of the WN coatings deposited via magnetron sputtering under
various working gas flow ratios (Ar/N). The corresponding substructural and phase parameters calculated from the
diffraction peak profiles are summarized in Table 1.

A detailed analysis of the phase composition of individual samples revealed the important trends.

For the WN (50 Ar / 50 N) coating, at the maximum concentration of the reactive gas (nitrogen) in the deposition
chamber, a heterophase structure is formed, consisting of a dominant hexagonal phase hcp-WN and a cubic phase fcc-
W:N. The XRD pattern exhibits a low-intensity, broadened peak at 2theta = 35.98°, corresponding to the superposition
of the (111)fcc + (100)hep planes. The main contribution to the diffraction pattern comes from the peaks at 2theta =42.95°
the (200)fcc-WsN plane, relative intensity 1/Ip = 562.88 a.u. and 2theta = 73.36° (111)hcp-WN. The latter exhibits the
maximum intensity 1000.00 a.u., indicating the formation of a pronounced axial growth texture of the hexagonal phase.
A (400)fcc-WsN peak is also detected at higher angles 2theta = 88.90°.

For the WN (70 Ar / 30 N») coating, the reducing the nitrogen content to 30% does not lead to a qualitative
rearrangement of the crystal lattice; however, it activates structural ordering processes. The combined peak around
2theta = 35.38° becomes more pronounced I/Ip = 63.59 a.u., (FWHM = 1.2800). A moderate increase in intensity for the
(200)fcc-WoN ' plane to 1/1g = 644.97 a.u. is observed, while the full width at half maximum (FWHM) broadens slightly
to 0.4000, which may indicate the generation of local microstrains due to changes in the stoichiometric coefficient. The
texture of (111)hcp-WN at 2theta = 73.24° retains its dominant position.
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Figure 2. XRD patterns of the WN coatings deposited at different gas regimes

For the WN (80 Ar/ 20 N») coating, at a nitrogen partial pressure of 20%, the cubic component begins to crystallize
more clearly. The intensity of the (111)fcc + (100)hcp reflex doubles compared to the previous regime, reaching the
intensity of I/Ip = 135.23 a.u. Notably, in the mid-angle region of 2theta = 62.54°, the appearance of a combined (220)fcc
+ (102)hep phase formation is recorded. This indicates the initiation of structural modification and the rearrangement of
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the spatial orientation spectrum of the crystallites under conditions of progressive nitrogen deficiency. This indicates an
expansion of the spatial orientation spectrum of the cubic crystallites under conditions of moderate nitrogen deficiency.
The texture peak of the hexagonal phase at 2theta = 73.37° remains stable.

For the WN (90 Ar / 10 N2) coating, under extreme nitrogen deficiency (10%), the phase-structural state of the
system undergoes drastic changes. A sharp drop in the intensity of the (200)fcc-W,N peak to a minimum value of
I/Io = 49.09 a.u. is recorded, accompanied by a significant increase in its full width at half maximum to FWHM = 1.2000.
In parallel, a sharp spike in the intensity of the first peak at 2theta = 35.88° up to I/Ip = 415.78 a.u. occurs. In the mid-
angle region of 2theta = 62.40°, the doublet of the (220)fcc + (102)hcp planes becomes still integrated into the structural
matrix. The development of the (101)hcp-WN reflex at 2theta = 49.98° reaches its maximum I/Ip = 611.13 a.u..

Summarizing the obtained data allows establishing a fundamental relationship between the partial pressure of the
reactive gas N, and the phase formation kinetics in the W-N system during magnetron sputtering.

Throughout the investigated range of nitrogen concentrations (10% + 50%), the framework of the coatings remains
the highly textured hexagonal hcp-WN phase with a preferred orientation of the (111) crystallographic planes. The
constancy of the full width at half maximum of this peak FWHM = 0.4800 and the stability of the interplanar spacing d
=(1.289 + 1.291) A indicate that the average size of the coherent scattering domains (grain size) of the hexagonal matrix
and its macrostrain level remain invariant to the gas mixture composition in this specific system configuration. However,
the dynamics of the accompanying peaks indicate a distinct competition between the growth planes of the cubic fcc-W,N
phase. At high nitrogen flows (30% + 50%), the growth of cubic grains along the (200) axis is energetically more
favorable. When the N» concentration drops critically to 10%, growth along the (200) direction is heavily suppressed
(intensity drops from 622.90 to 49.09 a.u.), with a simultaneous step-like increase in the intensity of the
(111)fce / (100)hep planes.

The observed substructural effects are explained by changes in the nitrogen saturation degree of the tungsten lattice.
In the range of N> = (20% + 50%), the high density of the reactive gas ensures an efficient chemical reaction on the
substrate, stabilizing the higher nitride phase WN and the ordered semi-nitride phase W>N with larger, more ordered
crystallites (as indicated by the narrow line of the (200)fcc peak with FWHM = (0.3600 + 0.4000). Transitioning to the
20% and 10% N, regimes, the chemical reactivity of nitrogen becomes insufficient to complete the phase formation of
stoichiometric W,N along the stable axes. This results in grain refinement (nanocrystallization) of the cubic phase, an
increase in lattice microstrains (growth of FWHM to 1.2000 for the (200) plane), and a forced restructuring of the matrix,
which manifests as the emergence and integration of the mixed (220)fcc + (102)hcp phase structures.

Thus, varying the composition of the Ar/N, gas mixture serves as a precise tool for controlling the ratio between the
cubic and hexagonal phases, and allows radically shifting the preferred orientation of the crystallites without degrading
the dominant axial (111)hcp-WN texture.

Table 1. Structural-phase data of the WN coatings deposited at different gas regimes (based on XRD patterns presented in Figure 2)

No. 2 theta, deg. | d-spacing, A | Intensity 1/Io, a.u. | FWHM | Phase | (hkl)
WN (50 Ar /50 N2)
1 35.98 - - - fcc-WaN + hep-WN (111) +(100)
2 42.95 2.1040 562.88 0.3600 fec-WaN (200)
3 49.97 1.8236 173.65 0.4800 hep-WN (101)
4 73.36 1.2896 1000.00 0.4800 hep-WN (111)
5 88.90 1.0999 172.22 0.6800 fce-WaN (400)
WN (70 Ar /30 N2)
1 35.38 2.5349 63.59 1.2800 fcc-WaN + hep-WN (111) +(100)
2 42.86 2.1083 644.97 0.4000 fec-WaN (200)
3 49.90 1.8260 218.83 0.4400 hep-WN (101)
4 73.24 1.2913 1000.00 0.4800 hep-WN (111)
5 88.83 1.1007 181.84 0.6400 fce-WaN (400)
WN (80 Ar /20 N2)
1 3542 2.5349 135.23 1.2800 fcc-WaN + hep-WN (111) +(100)
2 42.94 2.1083 622.90 0.4000 fec-WaN (200)
3 49.96 1.8260 202.65 0.4800 hep-WN (101)
4 62.54 1.4638 - - fcc-WaN + hep-WN (220) + (102)
5 73.37 1.2893 1000.00 0.4800 hep-WN (111)
6 88.93 1.0997 199.40 0.6800 fcc-WaN (400)
No. 2 theta, deg. d-spacing, A | Intensity I/o, a.u. FWHM Phase (hkl)
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No. 2 theta, deg. d-spacing, A | Intensity 1/Io, a.u. | FWHM Phase | (hki)
WN (90 Ar/ 10 N)
1 35.88 2.5011 415.78 1.1200 foc-WaN + hep-WN (111) + (100)
2 4293 2.1342 49.09 1.2000 fcec-WaN (200)
3 49.98 1.8234 611.13 0.4000 hep-WN (101)
4 62.40 - ] - foc-WaN + hep-WN (220) + (102)
5 73.37 1.2894 1000.00 0.4800 hep-WN (111)
6 88.92 1.0998 201.03 0.6000 fcc-WaN (400)

Influence of anode configuration on the structural-phase state

To understand the role of plasma density and ion bombardment kinetics during the deposition process, a comparative
analysis was performed on the WN coatings deposited at a fixed gas regime of 80 Ar /20 N2 under two distinct electrical
configurations: an additional biased anode (+200 V) and a grounded anode setup. The respective XRD patterns are shown
in Figure 3, and the extracted substructural parameters are listed in Table 2.

A detailed phase and structural evaluation of the individual configurations revealed the following features.

For the WN (80 Ar /20 N,) coating with an additional biased anode (+200 V), under the assistance of an additional
biased anode, which generates an enhanced glow-discharge plasma zone (plasma density = 7.5 -10'° cm™3), the coating
stabilizes into a distinct heterophase structure composed of hcp-WN and fcc-W>N phases. The diffraction profile is
dominated by a highly intense and sharp peak at 2theta = 73.37°, corresponding to the (111)hcp-WN plane
(I/Ty = 1000.00 a.u.), FWHM = 0.4800). The cubic phase exhibits a strong preferred growth along the (200)fcc-W,N plane
at 2theta = 42.94° with a high relative intensity of I/Ip = 622.90 a.u. and a narrow full width at half maximum
FWHM = 0.4000. The low-angle combined reflex (111)fcc + (100)hcp at 2theta = 35.42° remains suppressed with
intensity of I/Ip = 135.23 a.u., while a weak, broad features of the mixed (220)fcc + (102)hcp phase assembly is barely
traceable in the mid-angle range.

For the WN (80 Ar / 20 N,) coating with a grounded anode, shifting to the grounded anode configuration, which
represents the standard magnetron operation mode without additional plasma enhancement (plasma
density = 4 -10' cm ™), induces a profound redistribution of the diffraction intensities. While the dominant texture peak
of the hexagonal matrix at 2theta = 73.36° (111)hcp-WN retains its absolute intensity of I/Ip = 1000.00 a.u, its shape
remains unchanged (FWHM = 0.4400). However, a drastic structural rearrangement occurs at lower angles: the combined
(111)fce + (100)hep peak at 2theta = 36.02° experiences a fourfold intensity spike, rising to 1/Ip = 544.00 a.u. Concurrently,
the (200)fcc-W>N peak at 2theta = 42.95° drops to 1/1p = 449.85 a.u., and its width broadens slightly to FWHM = 0.4400.
Furthermore, a poorly resolved, highly diffused mixed-phase doublet of (220)fcc + (102)hcp becomes clearly visible at
2theta = 62.66°.
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Figure 3. XRD patterns of the WN coatings deposited at 80 Ar and 20 N> gas regime and at non- and grounded anodes

The comparative analysis reveals the fundamental physical role of the additional biased anode in governing the
phase configuration, texture development, and crystallinity of W-N systems.

1. Ion current density and surface adatom mobility. The primary mechanism driving the structural divergence
between the two modes is the alteration of the plasma density near the growth front. When the additional anode is biased
at +200 V, it roughly doubles the plasma density of 7.5 - 10'° cm™ vs. 4 - 10'° cm™ while maintaining a nearly constant
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low ion impact energy of approximately 12 eV. This significant increase in ion flux delivers a continuous supply of low-
energy momentum to the surface, effectively accelerating the lateral diffusion of arriving tungsten and nitrogen adatoms
without generating structural lattice defects or severe resputtering.

This enhanced adatom mobility provides the system with the activation energy required to overcome local potential
barriers, enabling the cubic W>N phase to crystallize into its thermodynamically preferential orientation along the (200)
plane. This is directly manifested in the narrow profile (FWHM = 0.4000) and high intensity of the (200)fcc peak,
signaling the formation of larger, highly ordered crystalline domains.

2. Texture randomization and phase degradation via anode grounding. Upon grounding the additional anode, the
auxiliary glow discharge is deactivated, causing the local ion current density to drop. Lacking sufficient plasma-assisted
energy activation, the surface diffusion length of the adatoms shrinks dramatically. The arriving species are rapidly
quenched at or near their landing sites, obstructing the orderly, long-range growth of the cubic lattice along preferred
axes.

As aresult, the texturing of the cubic component is randomized, leading to the observed deterioration of the (200)fcc
growth direction and a dramatic, competitive enhancement of the isotropic (111)fce + (100)hcp orientation at 2theta =
36.02°. The limitation in diffusion energy also hinders complete chemical phase separation, which promotes the growth
of disordered, poorly crystalline interstitial networks. This directly accounts for the broadening of the existing peaks
(FWHM) increases from 0.4000 to 0.4400 and the clear emergence of the highly distorted, mixed (220)fcc + (102)hcp
phase doublet at 2theta = 62.66°.

In summary, the implementation of an additional biased anode acts as a crucial energetic modifier. It enables precise
control over the texture and phase perfection of WN/W,N nanocomposite coatings by substituting high-energy destructive
ion bombardment with high-flux, low-energy plasma activation.

Table 2. Structural-phase data of the WN coatings deposited at different gas regimes (based on XRD patterns presented in Figure 3)

No. | 2 theta, deg. | d-spacing, A | Intensity I/Io, a.u. | FWHM | Phase | (hkl)
WN (80 Ar /20 N2)
1 3542 2.5349 135.23 1.2800 fec-WaN + hep-WN (111) + (100)
2 42.94 2.1083 622.90 0.4000 fec-WaN (200)
3 49.96 1.8260 202.65 0.4800 hep-WN (101)
4 62.54 1.4638 - - fcc-WaN + hep-WN (220) +(102)
5 73.37 1.2893 1000.00 0.4800 hep-WN (111)
6 88.93 1.0997 199.40 0.6800 fcc-WaN (400)
WN (80 Ar /20 N2) [grounded anode]
1 36.02 2.4914 544.00 1.1200 fec-WaN + hep-WN (111) + (100)
2 42.95 2.1042 449.85 0.4400 fec-W2N (200)
3 50.00 1.8228 147.08 0.5200 hep-WN (101)
4 62.66 - - - fec-WaN + hep-WN (220) + (102)
5 73.36 1.2896 1000.00 0.4400 hep-WN (111)
6 88.91 1.0998 192.82 0.6400 fec-WaN (400)
4. DISCUSSIONS

The structural-phase evolution of the magnetron-sputtered WN coatings is governed by a complex interplay between
the thermodynamic driving forces of chemical synthesis (controlled by nitrogen partial pressure) and the kinetic energy
delivered to the growing film surface via ion bombardment (governed by the auxiliary anode configuration).

The persistent dominance of the hexagonal hcp-WN phase with a highly stable (111) texture across all gas flow
ratios indicates that this structural matrix acts as a rigid energetically favored framework under the given non-equilibrium
deposition conditions. The structural invariance of the hcp phase suggests that excess or deficiency of nitrogen primarily
affects the secondary, more compliant cubic phase component.

During standard configuration experiments with high nitrogen concentrations (30%—50% of N), the high chemical
activity of nitrogen facilitates the formation of stoichiometric cubic W,N phase domains alongside hcp-WN. The
preferential growth of these cubic crystallites along the (200) crystallographic orientation represents the minimizing of
surface and strain energy under steady-state adatom diffusion. However, as the system transitions into progressive
nitrogen deficiency (10% of N»), the severe restriction of reactive species disrupts the standard nucleation pathways. The
growth of the (200) cubic planes becomes heavily suppressed due to the inability to maintain proper stoichiometry along
this direction. This induces a state of forced recrystallization and lattice distortion, pushing the cubic matrix towards grain
refinement (nanocrystallization) and stimulating the structural integration of mixed-phase structures like the (220)fcc +
(102)hep configurations as a mechanism to accommodate high localized microstrains.

When analyzing the influence of the electrical configuration at a fixed gas regime (80 Ar / 20 N,), the drastic
restructuring observed upon applying the +200 V bias to the additional anode highlights the role of energy transfer at the
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film-substrate interface. The biased anode effectively doubles the plasma density (and thus the ion current density) while
maintaining a low, non-destructive ion energy profile (~12 eV). From a physical standpoint, this configuration acts as a
targeted external energy deliverer that drastically enhances the lateral adatom mobility (surface diffusion length) of
arriving W and N species without introducing lattice defects via atomic displacement or resputtering. The accelerated
diffusion allows atoms to easily overcome local potential barriers, promoting long-range crystalline ordering and
maximizing the crystallization of the thermodynamically stable cubic (200) orientation.

Conversely, when the additional anode is grounded, the auxiliary glow discharge zone collapses, causing a sharp
drop in local ion flux. Under these low-flux conditions, arriving adatoms suffer from rapid thermal quenching at or near
their immediate landing sites. The restricted surface diffusion prevents the system from undergoing orderly phase
separation and structural relaxation. Consequently, the texturing of the cubic component undergoes complete
randomization, manifesting as a competitive surge of the isotropic (111)fcc + (100)hep reflection at 2theta = 36.02°. The
lack of plasma-assisted kinetic energy halts the complete chemical synthesis, leading to the accumulation of highly
distorted interstitial network boundaries and the emergence of diffused, structurally imperfect mixed-phase
configurations. Thus, the auxiliary biased anode serves as an effective tool to decouple the destructive effects of high-
energy ion bombardment from the beneficial structural ordering induced by high-flux, low-energy plasma activation.

CONCLUSIONS
In this study, multi-phase tungsten nitride coatings were successfully synthesized under purposefully varied
deposition configurations, encompassing a wide range of reactive gas mixture ratios and distinct auxiliary anode
connections, specifically tailored to systematically evaluate the competing roles of chemical stoichiometry and low-
energy plasma kinetics. Based on the comprehensive structural, phase, and substructural investigation, the following
conclusions can be drawn:

1. Magnetron-sputtered tungsten nitride coatings form a complex nanocomposite heterophase structure consisting
of a dominant hexagonal hecp-WN phase and a secondary cubic fcc-W,N phase. The hcp-WN matrix exhibits a
rigid, invariant axial growth texture along the (111) crystallographic orientation across the entire investigated
range of nitrogen concentrations (10% — 50%).

2. The partial pressure of the reactive gas selectively governs the nucleation kinetics of the compliant cubic phase.
High nitrogen contents (30% — 50%) promote orderly growth along the thermodynamically favorable (200)fcc
direction. Progressive nitrogen deficiency down to 10% heavily suppresses the (200) growth due to
stoichiometry loss, triggering localized microstrains, nanocrystallization, and a forced restructuring into mixed
(220)fcc + (102)hep phase assemblies.

3. The implementation of an auxiliary biased anode (+200 V) doubles the local plasma density to 7.5 - 10! cm™
while preserving a non-destructive ion impact energy of approximately 12 eV. This high-flux, low-energy
configuration acts as a targeted external energy deliverer that drastically enhances the lateral surface diffusion
of arriving W and N adatoms, allowing them to easily overcome potential barriers and form large, highly ordered
crystalline domains along the preferred (200) orientation.

4. Operating the system in the standard grounded anode mode (without auxiliary plasma) causes a sharp drop in
ion current density. The restricted diffusion energy forces arriving adatoms to undergo rapid thermal quenching
at their immediate landing sites, obstructing orderly phase separation. This leads to total texture randomization,
a massive fourfold enhancement of the isotropic (111)fcc + (100)hcp peak reflection at 2theta = 36.02°, and the
emergence of highly distorted interstitial network boundaries.
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CTEXIOMETPUYHA EBOJIIOLISI BATATO®A3HUX HITPUIAIB BOJIb®PAMY 3A 3MIHHOTI'O IIOTOKY T'A3Y TA
BILIMBY JTOJATKOBOI IIJIA3MHA I YAC MATHETPOHHOI'O PO3ITAJIEHHSA
0.B. MakcakoBa, B.M. Bepecunes, .M. Cepena, 51.0. I'peuxo, A.O. Ckpunuuk, C.I. Borarupenko,
C.B. JIutoBuenko, b.0. Masiiin
Xapxiecvkuil Hayionanvhuil ynieepcumem imeni B.H. Kapasina, maiio. Ceoboou, 4, 61000 Xapxis, Yxpaina

Y po6oTi cHcTeMaTHYHO TOCTIKEHO BIUTUB CKJIay ra3oBoi cymiriri Ar/N2 Ta JOIOMIKHOI I71a3MOBOT aKTHBallii Ha CTPYKTYpHO-(a30By
€BOJIIOIII0 TOKPUTTIB HiTpuay Bombhpamy (WN), Oca/yKCeHHX METOIOM IUIAHAPHOTO MAarHETPOHHOTO PO3MMICHHA. [IOKpUTTS
CHHTE3yBaJIM 3 BUKOPHCTaHHIM BOIb(ppaMoBoi MimreHi AiamerpoM 100 MM 3a pi3HUX pexHUMIB MOAadi peaKTUBHOTO rasy (Bix 50 % mo
10 % N>) Ta 3a 1BOX eNeKTpUYHHUX KOH(DIirypamiii: 3 qogaTkoBuM 3mimeHnM anogoM (+200 B) i 31 crangapTHUM 3a3eMJIEHHM aHOZOM.
Pesynbrati peHTICHOCTPYKTYPHOIO aHaJi3y B IO€AHAHHI 3 SKICHOK Ta KiJBbKICHOK ONTHUMI3alLi€r0 MOKa3alH, 0 HOKPHTTS MarTh
CKJIJIHY TeTepodasHy CTPYKTYPY, YTBOPEHY rekcaroHasbHO0 (ha3zoro hep-WN ta kybivnoro dasoro fec-WaN. BeranosieHo, 1110 crilike
nominyBaHHs (aszu hcp-WN 3 Bucoko crabinbHOI0 Tekctyporo (111) Bimirpae poib »KOPCTKOTO €HEPreTHYHO BHIITHOTO Kapkaca B
yChOMY Jliala3oHi CIiBBiIHOIICHb Ta30BUX MIOTOKIB. 3MEHILICHHS BMICTy a30Ty HacaMIIepe/l BIUTUBAE HA BTOPUHHUIMA, O1JIbII CTPYKTYPHO
MOJATINBHI KOMIOHEHT KyOiuHOi (asu. 3a kputnunoro nediuuty asory (10 %) 3pocTaHHS NMPIOPUTETHO OPi€HTOBAHMX KyOIYHMX
wiomnH (200) iCTOTHO NPUTHIYYETHCS, WO NPU3BOAUTH A0 MOAPIOHEHHsS 3epeH Marpulli (HAHOKPHCTANi3alii) Ta CTUMYJIIOE
CTPYKTYpHY iHTerpamito 3Mimanoi ¢a3oBoi koHpirypamii (220)fcc + (102)hep. Kpim Toro, 3acrocyBanHS KOH(}Iryparii 3 3a3eMICHIM
AQHOZIOM HPH3BOAUTH 0 3HUKHEHHS 30HH JONOMDKHOIO TJIIIOYOTO PO3PSIY Ta 3HIDKCHHS TYCTHMHH IUIa3MH HOOJH3Y MiAKIAAKH 3
7,5%10'0 cm3 mo 4x10'°0 ¢cm>. BHACHIZOK IBOrO CKOPOUYETHCS TOBKUHA MOBEPXHEBOI Auy3ii aqaroMiB, 10 CIPUYUHSE [IBUIKE
TepMiYHE 3arapTyBaHHS CTPYKTYpH, HOBHY BTpaTy TEKCTYpPOBAaHOCTI, pi3Ke YOTHPHUpPA30BE 3POCTaHHS IHTEHCHBHOCTI i30TPOIHOIO
pednekcy (111)fcc + (100)hcp Ta HakOmMMYEHHS CTPYKTYPHO HEJOCKOHAIMX MiX(a3HUX TPAaHUIlb. 3aCTOCYBaHHS JOMOMIXXHOTO
3MIIIEHOTO aHO/a € €(PEKTUBHUM IHCTPYMEHTOM JUIsl PO3JUICHHS pyHHIBHOTO BILUIMBY BHCOKOECHEPIeTHYHOTO i0HHOTO O0oMbap tyBaHHs
Ta IMO3UTHBHOIO €(EKTY CTPYKTYPHOTO BIIODSIKYBAHHS, iHIYKOBAaHOIO BHCOKOIHTEHCHBHOIO HHM3bKOGHEPI€THYHOIO IIa3MOBOIO
aKTHBALI€IO.

Ku11040Bi ci10Ba: maznemponte posnunents; Himpuou, 601b@pam; penmaeniecoka oudparyisi; asza; cmpykmypa, nomix 2asy





